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By‘Alex’Goodman
SUMMARY

An investigation was made to determine the effects of wing position
and horizontal-tall position on the low-speed static longitudinal and
statlic lateral stability characteristics of airplane models having unswept
and 45° sweptback surfaces.

The results indicated that both the unswept and the sweptback low-
wing low-horizontal-tail configurations were the optimum configurations
from the standpoint of longitudinal and lateral stability. The results
indicated that, for all wing positions, moving the horizontal tail from
the high to the low position resulted in configurations which were
longitudinally stable throughout the angle-of-attack range. For the
lateral case, the vertical-tail contribution to the directional stability
was Increased by moving the wing from the high to the low.position because
of the favorable sidewash at the vertical tail arising from the wing-:
fuselage interference. The addition of a horizontal tail in the low
position produced a further increase in directional stability. The
results also indicated that at low angles of attack the effective
dihedral due to wing-fuselage Iinterference increased as the wing height
was increased - that 1s, from approximately -4° for the low-wing configu-
retion to 5° for the high-wing configuration.. This effect could be
predicted with fair accuracy by available theory.

At low angles of attack, the lateral force on the fuselage was .
increased because of the end-plate effect when a wing was placed in the
high or the low position. . However, the lateral force on the fuselage
decreased for the low-wing configuration and increased for the high-wing
configuration as the angle of attack was increased because of the variation
in the distribution of sidewash on the -fuselage .with-angle of attack.
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INTRODUCTION

Many changes in the design of major components of airplanes have
been made necessasry in order to fulfill the demands of high-speed flight.
Several of the more important changes have been the incorporation of
large amounts of sweep in the wing and tail surfaces and changes in wing
and horizontal-tail positions relative to the fuselage. These changes
have led to considerations of some configurations for which design
information regarding stability characteristics is not available. Much
information is available on the influence of the wing, fuselage, and
tail geometry on the static stability characteristics of unswept high-
aspect-ratio configurations (for example, references 1 to 4). In order
to provide similar information for present-day-airplane designs, a
series of investigations is being conducted in the Langley stability
tunnel on models having various interchangesble parts. Results of
investigations made to determine the effect of location of a swept
horizontal tail and the effect of vertical-tall size and vertical-tail
length on the static stability characteristics are presented in
references 5 and 6, respectively.

The present investigation was made to determine the effects of wing
position and horizontal-tail position (relative to fuselage center line)
on the static stability characteristics of models with unswept and
459 sweptback surfaces. These models are representative of present-day
high-speed alrplanes. The data obtained from this investigation have
been used to determine interference effects between the fuselage and
horizontal tail and between the wing and fuselage and to determine the
interference effects of the wing-fuselage combination on the contribution
of the horizontal and vertical tails to the static-stability parameters.
Also, an efficiency factor of the vertical tail as a function of wing
position has been determined.

SYMBOLS

The data presented are in the form of standard NACA coefficients
of forces and moments which are referred to the stability system of axes,
with the origin at the projection on the plane of symmetry of the calcu-
lated serodynamic center of the wing. The positive direction of the
forces, moments, and angular displacements are shown in figure 1. The
coefficients and symbols are defined as follows:

cr, 1igt coetricient (L/asy)

CX longitudinal-force coefficient <k/qsﬁ) (%t ¥ o= Oo, Cx = -CD>



NACA TN 2504 3

0O »m o < = ] o >

ol

"l

lateral-force coefficient (?/qSﬁ)

drag coefficient Cb/qab

rolling-moment coefficient (;'/qswbﬁ)
pitching-moment coefficient (M/qSWEﬁ)
yéwing-moment coefficient (ﬁ/Qwaﬁ>
1ift; in figure 1(a), L = -Z

normal force

longitudinal force (at ¥ = 0%, X = D)
draé

lateral force

rolling moment

pitching momeﬁt

yawing moment

dynamic pressure (free stream unless otherwise noted) (bve/é>
mass density of air

free-stream velocity

span, measured perpendicular to fuselage center line
area '

chord, measured parallel to fuselage center line
aspect ratio (bv2/s)

effective aspect ratio, corresponding to theoretical 1ift-
curve slope

mean aerodynamic chord

chordwise distance from leading edge of root chord to quarter
chord of wing mean aerodynamic chord

tail length, distance parallel to fuselage center line from
/% of wing to T/h of tail
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wing height, perpendicular distance from fuselage center line
to wing chord plane (positive when wing is sbove fuselage
center line)

horizontal-tail height, perpendicular distance from fuselage
center line to horizontal-tail chord plane

maximum diameter of fuselage

Tip chord
Root chord

taper ratio (
angle of attack of wing (unless otherwise noted), degrees
angle of yaw, degrees (for force tests, V¥ = -B)

angle of sideslip, degrees

angle of sweepback of quarter-chord line, degrees

effective dihedral angle, degrees

rate of change of effective downwash angle at horizontal tail
with angle of attack

effective sidewash angle at vertical tail (positive when
tends to decrease angle of attack of vertical tall), degrees

rate of change of effective sidewash angle at vertical tail
with angle of yaw

efficiency factor of vertical tail in presence of wing fuselage
maximum 1ift coefficient
per degree

lift-curve slope of vertical tail <?L of vertical tail based

Xy
on vertical-tail area), per degree| —YL
: : do.
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AC?"V

AQCYwd Aecan
AQCZW

3% 7 Sy

ABCZ\y

lift-curve slope of horizontal tail (CL of horizontal
tail based on horizontal-tail area), per degree
Crg .

’ oC
lateral-force parameter, per degree <}—i>w
. =0

oV

' ac
directional-stability parameter, per degree <(ET§E oo

oc

. 1
effective-dihedral parameter, per deg?ee <<aw >¢r=o>

contribution of vertical tail to derivatives CYW’ an,

and Cl¢ in presence of wing-fuselage combinations;

that is =cC - .
T ey T T

increments of coefficlents caused by wing-fuselage
interference; that is, 4 = - (CY + Cy
Yy CY‘¢'W+F Yy Vg

increments of coefficients caused by wing-fuselage
interference on vertical-tail contribution or on
complete-tail contribution; that is, for horizontal

tall off AxCy, = Cy. - CY - (Cy. -
¥ < Yo Vi Vo | Mg
and for horizontal tail on

AQCY\!! B (CY‘FW.,_FW.;.H ) CY¢W+F> i (CY¢F+V+H i CYWF)

increments of coefficients caused by fuselage inter-
ference on vertical-tail éontribution or on complete-
tail contribution; that is, for horizontal tail off

AL, = (Cy - Cy - Cy
3y ( Yriy 11’F> gy

and for horizontal tail on

83y - <CY¢;E';I~V+H ) CY‘”F) - CY‘1‘V+H
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LCH increment of coefficient caused by wing-fuselage.
interference on horizontal-tall contribution; that
is,

£20m = <cmW+F+V+H i CmW+F+V> B <C et CmF+v>

Increment of coefficient caused by fuselage inter-
ference on horizontal-tail contribution; that is,

A50n = <CmF+V+H ) CmF*‘V) ) CmH

Subscripts and abbreviations:

W isolated wing

Wy, Wy, W3 wing positions relative to fuselage (see fig. 2)

F fuselage _

v vertical tall

B " isolated horizontal tail

Hy, H horizontal -tail positions relative to fuselage (see
fig. 2)

r root

t ' tip

X', ', 2! componenfs along body axes

g component due to sidewash

APPARATUS . AND MODEILS

The tests of the present investigation were conducted in the 6- by
6-foot test section of the Langley stability tunnel.

Plan and elevation views of the ccﬁplete models, having unswept and
sweptback surfaces, showlng the various wing and horizontal-tail positions
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are presented in figure 2. A list of the pertinent geometric character-
igtics of the various component parts is given in table I.

The fuselage was a body of revolution having a circular-arc profile
with a blunt tail end (fineness ratio of 6.90). The wings and horizontal
tails had an aspect ratio of 4.0, a taper ratio of 0.6, and an NACA 65A008
profile in sections parallel to the plane of symmetry. The vertical
tails were of the same taper ratio and airfoil section but had an aspect
ratio of 2.0. The quarter-chord lines were swept back 0° and h5° for the
unswept and swept surfaces, respectively. Ordinates for the NACA 65A008
section and for the fuselage are given in tables II and III, respectively.
All parts were constructed of mahogany.

The complete models used for the present investigation were designed
to permit tests of the wing alone, the fuselage alone, the wing-fuselage
combination (with the wing at several different heights), or the fuselage
in combination with any of the several tail configurations with or
without the wings. A complete list of the configurations investigated
is presented in table IV.

The models were mounted on a single strut at the point shown in
figure 2. Forces and moments were measured by means of a six-component
balance system. Photographs of two of the configurations tested are
presented as figure 3. All lifting surfaces were set at 0° incidence
with respect to the fuselage center line. )

TESTS

Tests were made at a dynamic pressure of 39.8 pounds per square
foot which corresponds to a Mach number of about O0.1l7 and & Reynolds
number of 0.88 x 106 based on the mean aerodynamic chord of the wings.
The models were tested through an angle-of-attack range from about -20
up to and beyond the angle of maximum 1ift at angles of yaw of 0C and

+50, Tare tests were made at V¥ = 0° 1in order to determine the effects
of the support-strut interference on the CL’ Cx>s and C, data for the

unswept wing alone and for all configurations with swept surfaces.
CORRECTIONS

Approximate corrections, based on unswept-wing theory, for the
effects of jet boundaries (reference T7) have been applied to the angle
of attack and longitudinal-force coefficient. The data have also been
corrected for the effects of blocking by the method given in reference 8.
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Corrections for the effects of support-strut interference have been
applied to Cy and Cp. The tares determined for the swept configu-

rations were also applied to the unswept configurations since the tares
determined for the unswept and swept wings were similar. The effect
of support-strut interference on Cj, was found to be negligible for

these tests and, therefore, the tare corrections were not applied.
METHODS OF ANALYSIS

The results of the present investigation are analyzed in terms of
the individual contributions of the various parts of the models to the
aerodynamic characteristics and to the more important interference
effects.

Longitudinal-Stebility Case

In accordance with conventional procedures (for example, as outlined
in reference 1), the pitching-moment coefficient for the complete air-

plane can be expressed as
Cm=cmw+'cn1F + MG + ACy + Cp + A0y (1)

The subscripts W, F, and H refer to the isolated wing, the fuselage,
and the horizontal tail, respectively. The increments expressed by Alcm,

m’ and A3C denote, respectively, the mutual interference of the

wing-fuselage combination, the interference of the wing-fuselage

combination on. the horizontal-tail contribution, and the interference
of the fuselage on the horizontal-tail contribution. These increments
can be obtained from the test results in the manner illustrated by the

following equations:
Cp = cmmF’- (me + cmF> | ' (2)
Aol = <me+F+V+H - me+F+v> ) GEF+V+H ) cln}s"+v> (3)

AC (k)

= - -C
3'm <Cnb£‘+V+H _CmF+V b

Since the horizontal tail was'not'tested as an isolated surface, the
parameter CmH was not determined directly. For this investigation,
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however, the wing and horizontal tall were geometrically similar;
therefore, CmH can be expressed in terms of the isolated wing charac-

-

teristics as

SW [cmw~01w<—ﬂ-cosa+£sina)—

Zg . ' .
CW Cw

.The value of Cpy; Was included in equation (5) in order to.account |
for the pitching moment obtained for ‘the wings- alone (see f;lg‘ 4.

The interference increments Aecm and A3Cm can be used to

evaluate the rate of change of downwash at the horizontal tail with

angle of attack O¢/da for the low angle-of-attack range (a = 0°).

This parameter can be obtained from the test results by using equation (1)
in the form

Cma=cmaW+F+Aecma+CmuH+A3Cmq
where

AECma+CmUH+A3C (-——-)-Z%?(:—cosa+—%sina\clnﬂ

Cy

For the low angle-of-attack range, the ratio %4 /q can be assumed to
be 1.0. Solving for d¢/da gives

Aol + Oy + B3,
C;y. Sglm
o g 5

=1 -

gl

Mg,
obtained from equations (3) and (4), respectively. Therefore,

€ _ Cnog (Cmaw+F+V+H - CI”W+F+\Q (6)

%
3a

1 .
but C —SS% X _¢ , and the values of ALy, &nd AgC can be
Log cy oH

Cmg

e e e —— A ———
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Lateral-Stebility Case

By using a method analogous to the one employed for the longitudinal-
stability case, the static-lateral-stebility derivatives of a complete
airplane can be expressed as (see reference 1)

Cyy = CYq:W + Oy + MGy + CY¢V+H + AQCW + ALy, (7)
anlr = Cnxyw + Cn\lfF + Alcnw + Cn‘lfvm + Azcnw + A3cmr (8)
Coy = Clyy * Coyp * 100y * c7WV+H + 050 + B0, (9)

The subscripts W, F, V, and V + H refer to the isolated wing, the
fuselage, the vertical tall, and the vertical tail in the presence of
the horizontal tail, respectively.

The interference increments can be obtained from the test results
in a manner analogous to that used for the longitudinal-stebility case.

For example,

MCy, = Opp '(waw - chF) (10)

fetyy = (CYWW+F+V+H ) CYW+F) i (CY"?'F+V+H : CYWF) ()

For the lateral-stability case, the interference of the fuselage
on the vertical-tail contributions A3Cyy, ABanﬁ and A3C1W cannot

be determined readily from measured results because it would necessitate
acquiring measured values of the lateral-stability derivatives for the
isolated vertical tail.

The contribution of the vertical tail to the lateral-stability
parameters can be expressed in terms of an efficiency factor. The
efficiency factor can be evaluated from the test results by using
equation (7) in the form

C + C S_V_<_§.qu

= C
o Yy ey sy
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where
Sv Rl - 4+ ARG +
— - = 12
Sy <: 8%) a (?YWV+H 3y AQCYW (12)
Solving for the efficiency factor ( - %%)%‘L glves
( _ é_f‘_ =V L.:Y“’TJJ+F+V+H ] CY"VW+F
1 Sy
C —
Loy Sy

Sy .
but Cj = - 3 therefore, for horizontel tail on
Lay Sy CY‘4"F+V+H cI’*F’ ’

- Cy
(l _9a\%v _ CY""W+F+V+H Vuw (13)
Yporem ~ Cp

and for horizontal tail off

<1 - @)‘ﬂ ey~ iy (1%)
o¥ Cy -Gy '
Vrav Vg

LIMITATIONS OF RESULTS

The interference increments obtained by the foregoing procedures
are usually assumed to apply to airplanes having configurations which
are similar to those of the models used in evaluating the increments.

Because of a slight asymmetry of the wings, a small amount of 1ift
was obtained at zero angle of attack, although the wings hed symmetrical
airfoil sections (fig. 4). This asymmetry will affect the magnitude of
the interference increments A C, and A3C (equations (2) and (4))

at zero angle of attack; however, the trends shown by these increments
are belileved to be reliable.

The present results should be epplicable to full-scale results only
for the angle-of-attack range before flow separation occurs. An increase
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in Reynolds number would be expected to extend the linear range of the
data to higher angles of attack.

RESULTS AND DISCUSSION

Presentation of Results

¢

The static longlitudinael steblllity characteristics of the various
configurations investigated are given in figures 4 to 13 and the static
lateral stabllity characteristics are presented in figures 14 to 29. A
summary of the configurations investigated and of the figures that present
the basic data for these configurations 1s given in table IV.

Static Longitudinal Stability Characteristics

Wing characteristics.- The 1ift, longitudinal-force, and pltching-
moment data for the unswept and 450 sweptback wings of the present
investigation are presented in figure 4. The values of the experimental
lift-curve slopes, taken through zero angle of attack, of 0.0620 and
0.0545 are in fairly close agreement with the theoretical values of 0.0645
and 0.0530 given for the unswept wing and the h5° sweptback wing,
respectively, in reference 9. At low angles of attack the aerodynamic
centers of the wings are located at about 24.9 percent (A = 0°) and
25.2 percent (A = 45°) of the mean aerodynamic chord. The theoretical
values given in reference 9 for the unswept and 45° sweptback wings are
25 percent and 26 percent, respectively. The variation of Cm with «

obtained with the unswept and 45° sweptback wings is linear for the angle-
of -attack range before flow separation occurs (approximately up to

a = 8° as indicated in fig. 4). At the angle of attack at which flow
separation occurs, an abrupt change in the - Cma variations for both

wings is obtained. In the case of the unswept wing, Cp, becomes
highly negative (stebilizing); whereas, for the 45° sweptback wing, Cma

becomes positive (destabilizing).

h Many of the aerodynamic parameters of a complete airplane are
dependent to some extent on the character of flow over the wing; therefore,
some consideration must be given to the angle-of-attack range over which
the flow does not separate from the wing. As pointed out in reference 10,
an indication of the limit of this range can be obtained by locating the

o2
Initial break in the drag index curve Cp - ;%; against angle of attack.

A plot of this increment for the 450 gweptback wing can be obtained from
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figure 15 of reference 6. The figure shows a break in the curve at

gbout T°. A similar bresk in the drag index curve occurs at about the
same angle for the unswept wing. Corresponding breaks in the curves of
the aerodynamic characteristics of combinations including the wings are
to be expected at ebout this ssme angle of attack. For example, the
breaks in the CEF veriation with « obtained for the wing alone occurs

at about o .= 6° and for the Cch varliation obtained for the wings

alone, at gbout a = 8°. An increase in Reynolds number would be
expected to extend the angle-of-attack range before flow separation
occurs.

Fuselage and fuselage-tall characteristics.- One of the main effects
of the isolated fuselage on the static longitudinal stability is the '
contribution of an unstable pltching moment as shown in figure 5. As
can be seen, the instebility in pitch decreases as the angle of attack
increases. The addition of a vertical tail to the fuselage did not change
the static longitudinal stability characteristics. The main effect
caused by the addition of either the unswept or 45° sweptback horizontal
tail to the fuselage - vertical-tail combination is to produce & stable
Cma variation at low and moderate angles of attack. An increment in

pltching-moment coefficlent exists between both the unswept and 450
sweptback low-horizontal-tail (H;) and high-horizontal-tail (Hp) configu-

rations (see fig. 5) for a greater part of the angle-of-attack range.
Part of this increment probebly is attributable to the fact that the
alr flow tends to follow the contour of the fuselage and hence has a
downward-velocity component over the horizontal tail surface (Hp). At

high angles of attack, the values of Cp, decrease for both the unswept

and swept fuselage - horizontal-tall combinstions. In the case of the
unswept configurations, Cm, becomes neutrally stable for the low-
horizontal-tall configuration and unstable for the high-horizontal-tail

configuration. For the 45° sweptback configurations, at high angles of
attack, Cp, remains stable but to a lesser degree than at low angles

of attack. The values of the interferénce increment Agcm obtained for

the two horizontal-tail positions as affected by the fuselage are presented
in figure 10 and were obtalned by the procedure explained in the section
entitled "Methods of Analysis.” The value of A3Cp at zero angle of
attack obtained for the high horizontal tail probably results, as stated
previously, from the fact that the streamlines of the flow tend to follow
the fuselage contour. The reason that the value of A3Cm  for the swept
low-horizontal-tall configuration is not zero at « =.00 has been
discussed in the section entitled "Limitations of Results." At high

engles of attack, the values of ABCm decrease for both unswept and
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swept configurations and in some cases become negative (favorable
interference). Also at high angles of attack the unstable moment of
the fuselage has increased. These effects, in addition to the decrease
in Cpy =t high angles of attack (equation (5)), result in a decrease

in the values of Cma for both the unswept and swept fuselagé-tail

combinations at high angles of attack. The decrease in Cmg, at high

angles of attack is greater for the high-horizontal-tail than for the
low-horizontal-tail configurations since the interference increment ABCm

is less stebilizing (compare figs. 5 and 10).

Wing-fuselage characteristics.- The addition of a h5° swept wing
in the mid, high, or low positioms (Wi, Wa, or W3, respectively) to the

fuselage produced Cma characteristics gimilar to that obtalned for the

wing alone (see figs. 4 and 6). For the unswept wing configurations,
the contribution of the fuselage at low angles of attack to the pitching-
moment characteristics has a destabilizing effect. A small amount of
wing-fuselage interference (Alqm>'Which can probably be attributed to

the rearward location of the wing-fuselage Juncture is thereby indicated.
A similar result (an increase of the unstable pitching-moment contribution
of the wing-fuselage combination with & rearwerd shift of the wing-
fuselage juncture) was obtained in reference 4 for an unswept midwing
configuration. For the sweptback wing configurations at low angles of
attack, the wing-fuselage interference cancels the usual unsteble
pitching-moment contribution of the fuselage. Apparently this effect

is due to the fact that there is a loss in 1lift over the wing center
section because of the fuselage interference. In the case of the swept-
back wing, this loss occurs over sections of the wing which are forward
of the aerodynamic center and results in a stabllizing moment. At high
angles of attack, the contribution of the Cp, to the pltching-moment

characteristics of the wing-fuselage combinations predominates (favorable
interference) and results in pitching moment trends which are similar
to those of the wing alone (compare figs. 4 and 6).

The wing-fuselage interference increment A1Cm evaluated from the

basic data by the procedures explained in the section entitled "Methods
of Analysis" is presented in figure 11. The fact that AICp for the

midwing configurations is not zero at a = 0° is probably due to a
slight asymmetry of the wings. (See the section entitled "Limitations
of Results.") The trends of ACp shown in figure 11 are in agreement

with the results presented in figure 6.

The lift-curve slope of the wing-fuselage ¢onfigurations at o = o°
was found to be slightly higher than that of the wing alone (see figs. 4
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end 6). A similar result was obtained in reference 4 for & midwing
configuration.

A comparison of Cp obtained for the wings alone with CI

for the wing-fuselage combinations indicates that the wing-fuselage
interference increases Cjp for the unswept configurstions but has a

negligible effect for the swept configurations (compare figs. 4 and 6).

Complete~-model. characteristics.- The addition of a vertical tail
to the wing-fuselage conflgurations bhad 1little effect on the longitudinal
stability characteristics (see fig. 7). The low-horizontal-tail configu-
rations produce stable Cmu characteristics at the low angles of attack

for all the wing heights with the exception of the unswept midwing
configuration (W1 + F + V + Hy) vhich exhibits a slightly unstable Cp
o

variation (see fig. 8). Part of this result may be attributable to the
fact that the downwash of the midwing configuration affects the low
horizontal tail at low angles of attack since the low horizontal tail is
very close to the center of the wing weke. For the high-wing and low-
wing configurations, at low angles of attack, the center of the wing

wake probably comes above and below the plane of the low horizontal tail.
An i1llustration indicating the verlation in location of the center of

the wing wake with angle of attack for midwing, high-wing, and low-wing
configurations 1s given in reference 11l. At moderate angles of attack,

a stable increase in Cmm is obtained for all the umswept configurations,

the midwing and high-wing configurations being more stable than the low-
wing configuretion. This result is probably due to the fact that a
strong interference ApC, exists between the low-wing - fuselage and

the low-horizontal-tall configurations (strong_downwash) since the low
horizontal tall 18 close to the center of the wing wake at these angles
of attack. TFor the sweptback configuratlions, a slight decrease in Cmd

(less stable) is obtained at moderate angles of attack. The decrease
in Cp, 18 smaller for the high-wing configuration (see fig. 8). This

effect is probably due to the interference caused by the relative location
of the center of the wing wake to the plane of the horizontal tail.

The effect of adding a high horizontal tail (Hp) to the unswept and

swept wing-fuselage-tail configurations (see fig. 9) results in values
of Cp, which are more stable at low angles of attack than those obtained

with the low horizontal tail (Hl). At moderate angles of attack, however,
the high tail becomes ineffective and unsteble variations of Cmy result.

The decrease in Cma: however, is smaller for the high-wing configurations.
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The pitching-moment data of figures 5 to 9 have been used to
determine the wing-fuselage interference on the horizontal tail AxCh

by the procedure explained in the section entitled "Methods of Analysis.”
The interference increment ApC, for each wing height and horizontal teil
height is presented in figure 12 for both the unswept and sweptback configu-
rations and these results summarize the effects of the wing position and
horizontal-tail position on the static longitudinal stability indicated
by the preceding discussion. For the configurations investigated the

low horizontal tails contribute more to the longitudinal stability at
high angles of attack than the high horizontal tails because of the
smaller wing-fuselage interference (compare figs. 8, 9, and 10). The
values of the slopes Oc¢/da obtained by the procedure explained in the
section entitled "Methods of Analysis," presented in figure 13, indicate
the opposite effect at low angles of attack. 'In general, at low angles

of attack, the closer the horizontal tail is to the center of the wing
wake the greaster the wing-fuselage interférence on the horizontal taill
(downwash increased). Also, at low angles of attack the wing-fuselage
interference on the horizontal tail decreases as the sweep angle is
increased (downwash decreased). A similar result for low angles of

attack was obtained in reference 12 for unswept and 1450 sweptback midwing
configurations (see fig. 13).

Static Lateral Stability Characteristics

Wing characteristics.- The variations of CYw’ an, and CZ¢ with

angle of attack for the unswept and 450 sweptback wings are presented
in figure 14. The flow separation indicated by the breaks in the drag
index curves of reference 6 is further indicated by the breaks in ClW

at about the same angles of attack. In the case of the unswept wing, wa

continues to increase as the angle of attack lncreases. This effect is
probably attributable to the fact that, for the present unswept wing,
local stalling of the center section occurs at low angles of attack

(as indicated by break in drag index). This stall progresses outboard
as the angle of attack is increased, one semispan of the wing being
affected more than the other, and results in an increase in rolling
moment. The derivatives CY* and an are generally small for most

of the angle-of-attack range. The values of C,, for the swept wing
become positive (directionally unstable) at the high angles of attack.

The values of the slopes BCZ$/BCL through o = 0° for the unswept
and 45° sweptback wings are in reasonably good agreement with the values
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calculated by the methods of reference 13.' A comparison of the measured-
and calculated values of BC}¢/BCL is presented in the following table:

Cyy /acL
(deg) Measured | Calculated

0 0.0011 0.0009

k5 .0049 .0040

Fuselage and fuselage-tall characteristics.- The main contribution
of the fuselage to the static lateral stability characteristics is an
unsteble yawing moment throughout the angle-of-attack range (see fig. 15).
The addition of a vertical tail to the fuselage contributes a stable
‘yawing moment for both unswept and swept configurations.

The addition of & horizontal tail in the low position (H;) to the
fuselage - vertical-tail combination generally increases CY¢ and an

slightly at ag = 0° for both the unswept and swept configurations.

This increase in the parameters is due mainly to the increase in effective
aspect ratio of the vertical tall caused by the end-plate effect of the
horizontal tail. With the horizontal tail in the high position (Hp),

a slightly adverse effect results; that is, the combination of the

vertical and horizontal tails produced smaller increments in the parameters
than the vertical tails alone (see fig. 15). The effective aspect

ratios of the unswept and swept tails as determined by the procedure of
reference 6 are presented in figure 21 in the form of the ratio

Gkﬁaﬂ on

plotted against the horizontal-tail-height ratio
(Gen)w ort Zy[by

for ag = OO and are compared with the results of reference 3. The
results of figure 21 illustrate the effects on the derivatives C¥¢

and an_ Just discussed. A gimilar resullt was obtained in reference 5.

The positive increase in Cl* at ag = 0° (fig. 15) is provided

by the vertlcal tail. As the angle of attack is increased; the vertical
distance between the horizontal tail center of pressure and the roll axis
decreases; thereby a decrease of CZW’ with angle of attack results. The

addition of the horizonmtal tail in the low position (Hi) resulted in a
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smaller increase in be at og = 0°. With the teil in the high position

(HQ), the value of be at ag = O°A was sbout the same as that obtained

with the fuselage - vertical-tail configuration. These effects are
probably due to the antisymmetrical load induced on the horizontal tail
by the vertical tail. This antisymmetrical loading can be accounted
for qualitatively (as was done in references 5 and 12) by considering
the effects of the tip vortices of the vertical tail acting on the
horizontal tail when the horizontal tail is at ag = O° end the entire

tail assembly is at an angle of yaw. With the horizontal tail in the
low position (H;), the tip vortex at the base of the vertical tail would

be expected to have a predominant effect and would tend to produce a
negative increment in Czw. For the high tail (HQ) the loads induced

by the vertical tail on the horizontel tall tend to cancel.

Wing-fuselage characteristics.- In order to analyze the effect of
wing position on the lateral stability characteristics, a qualitative
analysis similar to the analysis presented in reference 12 will be mede
of the flow sbout a yawed high-wing - fuselage configurastion. By
resolving the free-stream velocity V dinto the component velocities qu;

Vyt, and Vg (component velocities along body exis (see fig. 1(a)), it

can be seen that the flow about the fuselage induced by the components
Vy: and VZ, produce symmetrical variations of angle of attack at the

wing. The component velocity Vy', however, gives rise to an anti-

symietrical variation in angle of attack; that is, the flow about the
fuselage lnduces an upwash velocity on the advancing wing panel and a
downwash on the opposite wing panel. This variation corresponds to a
positive increment of 1ift on the advancing wing panel and a negative
increment of 1ift on the opposite wing panel. Thus, for positive angles
of yaw a positive rolling moment results (see fig. 1(b)). Employing

the same analysis shows that for a low-wing configuration a negative
rolling moment will be induced. For a midwing configuration this effect
does not exist. In addition to thls effect, for a yawed fuselage at

low angles of attack, a high-wing or a low-wing configuration should
increase the lateral force because of the end-plate effect of the wing
(see reference 12). The Cb# and C¥¢ results at low angles of attack

of figure 16 are in agreement with the preceding analysis.

The incremental values of CL¢ (at o« = 0°) for the unswept and

swept configurations are presented in figure 22 a% a8 function of wing-
C1
height ratio Zw/d. The values of the slopes — ¥ for the present
o(zy/a)
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configurations are in good agreement with the experimental results of
the unswept and 45° sweptback untapered configurations (AW = 5.18)
presented in reference 14. These experimental results are compared in
figure 22 with the results obtained from the theory of reference 15 and
the empirical relation given in reference 16. The incremental velues
of wa (e = 0°) are also presented in terms of an effective dihedral

angle in figure 22. The values of Ciw/P (01W per degree of effective

.dihedral) obtained from reference 17 are presented in the following
teble and are used to express C in terms of an effective dihedral

Ly
angle TI':
A Cz¢/F
(deg)
Figure 16 | Reference 17
0 0.00016 0.00020
- 45 .00015 .00018

The effective dihedral angle increased from approximately -4° to 5°
in going from a low-wing configuration to a high-wing configuration
(}Zw/d to zw/§>. (See fig. 22.) A similar effect is indicated by the

results of reference 1.

The wing-fuselage configurations are directionally unstable (fig. 16).
The unstable yawing moment of the fuselage predominastes for the low-
and moderate-angle-of-attack range. For the unswept configurations at
high angles of attack the wing-fuselage configurations become stable and
the values of an, are approximately the same as those obtained for the

wing alone. For the swept configurations at high angles of attack, the
unstable yawing moment of the fuselage predominates.

The wing-fuselage interference increments Alcyv, Aicnwﬁ and AECZW

determined by the procedures explained in the section entitled "Methods

of Analysis" are presented in figure 23. In accordance with the preceding
qualitative analysis, it can be seen that the wing-fuselage interference
induces a positive increment of rolling moment for the high-wing configu-
rations and a negative increment for the low-wing configurations at low
angles of attack. For the midwing configurations, the wing-fuselage
interference increment Alclw is small and probably due to a slight

asymmetry of the model. The interference increment A4C is positive
lYllJ
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at low angles of attack for both the high-wing and low-wing configu-
rations. At high angles of attack the interference increment of the
high-wing configuration attains large positive values, whereas AlGYW

for the low-wing configuration decreases and becomes negative. This
variation with o can probably be attributed to the effects of the
induced sidewash VU on the fuselage. A strong sidewash (stabilizing)

exists above the center of the wing wake for the low-wing configuration
and below the center of the wing wake for the high-wing configuration.
Therefore, at small angles of attack the greater part of the fuselege
of the low-wing configuration as well as the high-wing configuration is
situated in a strong sidewash (stabilizing). As the angle of attack
increases, the part of the fuselage area situated in the stabilizing
sidewash decreases for the low-wing configuration and increases for the
high-wing configuration because of the movement of the wing wake with
angle of attack. (See reference 12.)

For the unswept wing configurations (W;, Wy, and V3), the inter-
ference increment A;LCnﬂr is small. The interference increment Alcn¢
for the swept configurations is, in general, small and erratic.

Complete-model characteristics.- The qualitatlive analysis of the
effects of wing-fuselage interference given in the section entitled
"Wing-fuselage characteristics” will be extended to include the effects
of wing-fuselage interference on the verticel-tail contribution. As
indicated in the preceding analysis, the lateral flow about the fuselage
induces an antisymmetrical 1ift distribution over the wing. Actusally
this variaetion in 1ift caused by the fuselage is restricted to a small
reglon at the center of the wing. In this region a large spanwise pres-
sure gradient is produced on the wing (reference 12). In the case of
the high-wing configuration under consideration this pressure gradient
will induce a sidewash velocity as shown in figure 1(b). This sidewash
velocity changes sign for the low-wing configuration and, in the case of
the midwing configuration, it is zero. The sidewash velocity produced by
yaw is proportional to the angle of yaw and is.independent of the angle
of attack. However, because the position of the vertlcal tall relative
4o the center of the wing wake changes with angle of attack, the effect
of the sidewash velocity on the vertical-tail contribution will also
vary with angle of attack since in passing through the wing wake the
sidewash velocity changes direction. According to this analysis, it can
be seen that in the case of a low-wing configuration, with the vertical
tail above the center of the wing wake, the sidewash velocity will
increase the vertical-tail contribution (increase directional stebility)
and for the high-wing configuration, will reduce the vertical-tail
contribution (decrease directional stebility) relative to the vertical-
tail contribution of the midwing configuration.
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In general, the vertical tail, at zero angle of attack of the wing,
contributes increments of CYw’ an, and. ClW to the wing-fuselage

results equal to those obtained by the addition of the vertical tail to
the fuselage alone. (Compare figs. 15 and 18.) Also, the effects of
wing position on the vertical-tall contribution to the derivatives CYW’

an, and CZW’ at low angles of attack, presented in figures 17 and 18

are in agreement with the preceding quelitative anaslysis. However, the

explanstion given in the preceding qualitative analysis does not account
for the variations of the derivatives obtained at the moderate and high

angles of attack. For the high-wing configurations the vertical-tail

contribution Acnw decreases as the angle of attack increases and beccmes

zero for the unswept configuration and positive (destabilizing) for the
swept configuration (see fig. 18). The unswept high-wing configuration
1s stable, however, because the wing-fuselage contribution to C is

stable at high angles of attack (see figs. 16 and 17). For the swept
high-wing configuration the unstable contributions of both the vertical
tail and wing fuselage are additive and this results in a directionally
unstable configuration. The vertical-tail contribution ACnW also

decreases but remains stable at the high angles of attack for the midwing
and low-wing configurations. The wing-fuselage contribution to C, ,

however, predominates for the midwing configurations and results in a
stable confliguration for unswept surfaces and an unstable configuration
for the swept surfaces. In the case of the low-wing configurations,

the stable contribution of the vertical tail increases the stability of
the unswept configuration and overcomes the unstable contribution of the
swept wing-fuselage combination (see figs. 16 to 18).

The decreases in ACY¢ and ACnW at the high angles of attack

(not accounted for in the preceding analysis) indicate that an additional
gidewash exists in the vicinity of the vertical tail which tends to
cancel or reverse the sldewash due to the wing-fuselage interference.
This additional sidewash at the vertical tail may be attributable to the
lateral movement of the wing-tip vortices.

The results obtained by adding a horizontal tall in either the low
(Hy) or high (Hp) positions to the wing-fuselage - vertical-tail configu-
rations are presented in figures 19 and 20, respectively. In general,
the low horizontal tail increases the contribution of the vertical tail
because of the end-plate effect (Bee fig. 21). The results obtained with
the high-horizontal-tall configuration are similar to those obtained
with the horizontal teil off (see figs. 17, 19, and 20). The unstable
contribution of the vertical tall to an for the swept high-wing

e e o e
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configuration st high angles of attack is reduced with the addition of
the low horizontal tail even though the derivative CYW is increased

negatively (see fig. 19). This increase can probably be attributed to
the downward and forward movement of the center of pressure of the
vertical tail due to the end-plate effect of the horizontal tail, and a
reduction of the moment arm results (reference 5).

The increments of wing-fuselage interference on the vertical-tail
contributions AECYW: AC 5, and ApCqy  were evaluated from the basic

ny
data by the procedure explained in the sectlon entitled "Methods of
Analysis." These increments are presented in figures 24 to 26 for the
horizontal-tail-off, low-horizontal-tail, and high-horizontal-tail

configurations, respectively. In order to summarize these results the

increment was used to evaluate an efficiency factor (1 - So fi—.
Ty 3/ g

(See section entitled "Methods of Anelysis.") The variation of the
efficiency factor with angle of attack 1s presented in figure 27. The
average values of figure 27 are presented in figure 28 as a function of
wing position and angle of attack for both the unswept and swept ‘
configurations. The values of the efficiency factor at low angles of
attack are mainly due to the wing-fuselage interference. At high angles
of attack the efficiency factor of the vertical taill decreases. Part

of this reduction in the vertlcal-tail efficiency factar may be
attributeble, as mentioned previously, to the effects of the wing-tip
vortices. At low angles of attack the effects of sweep on the efficilency
factor are negligible. A similar conclusion can be drawn from the
results of reference 12, A comparison of the efficiency factors for the
unswept and swept midwing and low-wing configurations at CI (o approx.

150 and 21°, respectively), however, indicates an increase in the vertical-
tail efficiency factor as the sweep angle increases. For the high-wing
configurations, however, an increase in sweep results in a decrease in

the vertical-tail efficiency factor at Cr .

Values of < - :—% %’- at « = 0° taken from figure 28 for the

unswept and swept configurations are plotted against wing-height ratio
in figure 29. The <} - %%) EK results of the unswept configurations

q
9o\ %y ta of
are compared with values of - 3? Ef obtained from the date o

reference 18 for a circular-fuselage configuration and for a circulsr
fuselage with a wedge-shaped-rear configuration. In general, the

variations of <? - %% %; with wing height are similar to the results
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of the present investigation. The wedge-shaped-rear fuselage configu--
ration gives the best agreement probebly because of the similarity of
the fuselage shapes in the vicinlty of the vertical tail.

CONCLUSIONS

Results of an investigetion maede to determine the effects of wing
position and horizontal-tail position on the low-speed static longitudinal
and static lateral stability characteristics of airplane models having
unswept and 45° sweptback surfaces indicated the following conclusions:

l. For all wing positions, moving the horizontal tail from the high
to the low position resulted in configurations which were longitudinally
stable throughout the angle-~of-attack range.

2. The vertical-tail contribution to the directional stebility was
increased by moving the wing from the high to the low position because
of the favorable sidewash at the vertical tail arising from the wing-
fuselage interference. The addition of a horizontal teil in the low
position produced a further increase in directional stability.

3. As indicated by both available theory and results of previous
investigations, the effective dihedral at low angles of attack caused by
wing-fuselage interference increased as the wing height was increased -
thaet is, from approximately -4° for the low-wing configuration to 50
for the high-wing conflguration. )

4, At low angles of attack, the lateral force on the fuselage was
increased because of the end-plate effect when a wing was placed in the
high or low position. However; the lateral force on the fuselsage
decreased for the low-wing configuration and increased for the high-wing
configuration as the angle of attack was increased because of the variation
in the distribution of sidewash on the fuselage with angle of attack.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Fileld, Va., July 11, 1951
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TABLE I.- PERTINENT

Fuselage:
Length, in.

Fineness ratio . . . . . .

Wings:
Aspect ratio,
Taper ratio,

Quarter-chord sweep angle,

Dihedral angle, deg

Twist, deg « « « ¢« ¢« & .+ .

NACA airfoil section .
sq in.
in.
Mean aerodynamic chord,
Wing-height ratio,

Aresa, Sy,
Span, by,

Vertical tails:
Aspect ratio,
Taper ratio,

Quarter-chord sweep angle,
NACA alrfoil section
sq in.

in.
Mean serodynamic chord,

Iy,

Sy/ Sw
Tail-length ratio, ZY/bW

Area,
Span,

SV,
by,

Tall length,
Area ratio,

Horizontal teils:
Aspect ratilo,

in. .

Zwld. (:’W: .

&y, in.

GEOMETRIC

deg

in.

deg

Taper ratio, C s e e e e s e e
Quarter-chord sweep angle, deg . . .
Dihedral angle, deg . . « « « » « &
Twist, deg e o s s o o o o o s &
NACA airfoil section . . . . . . . .
Area, Sg, s8q in. e 6 s e s e e s
Spen, bg, in. . . .. ... 0.
Mean gserodynamic chord, &g, in. .
Area ratio, Sg/Sy . . .. . . ..
Area ratio, SgfSy . . . . . . ..
Tail length, 1y, dn. . « « . . . &
Tail-length ratio, Ilgfoy . . . . .
Tail helght, Zg,, 1in. . . .. ..
Tail height, ZH2, in. . . ...

Tail-helght ratio,

2g/by

NACA TN 2504

CHARACTERISTICS OF MODELS

e e e 41.38
e e e 6.90
e e e 4.0 4,0
e e e 0.6 0.6
e e e 0 5
e e e . 0 0
e e e 0 0
e e e e 654008 654008
. e e e . 324 324
e e e e 36 36
. e e e 9.19 9.19
.+« .. 0,%0.333 0, 10.333
e e e 2.0 2.0
. e e e 0.6 0.6
C e e e 0 45
e e e e 65A008 65A008
. e e e 48.6 48.6
e e e 9.86 9.86
e e e 5.03 5.03
e e e . 16.7 16.7
. e e e 0.15 0.15
. e e e s 0.464 0.464
e e e k.0 4,0
e e e e 0.6 0.6
. e e e 0 5
. e e e o} 0
e e e o} 0
. e e e 654008 65A008
. e e e 64.8 64.8
. e e e 16.10 16.10
. e e e 4,11 4,11
. e e 0.20 0.20
. e e e . 1.33 1.33
c e e e e 16.7 19.25
e e e 1.81 2.09
. e e e 0 0
. e e e 5.21 5.21
e e e 0, 0.528 0, 0.528
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TABLE II.- ORDINATES FOR NACA 65A008 AIRFOIL

E%tation and ordinates in percent airfoil choré]

t

Station Ordinate
0 0
.50 62
15 15
1.25 .95
2.50 1.30
5.00 1.75
7.50 2.12
10.00 2.43
15.00 2.93
20.00 3.30
25.00 3.59
30.00 3.79
35.00 3.93
40.00 4.00
45.00 3.99
50.00 3.90
55.00 3.71
60.00 3.46-
65.00 3.1%
T70.00 2.76
75.00 2.35
80.00 1.90
85.00 1.43
90.00 .96
95.00 49
100.00 .02
L.E. radius 0.408

“‘!ﬂ:!!!'"
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TABLE III.- FUSELAGE ORDINATES

g8 = hl . 38 \

x/s z/s

0 0

.025 - .00T0
.050 .01k0
075 .0200
.100 .0260
125 .0320
.150 .0380
.200 .0480
.250 .0560
.300 .0620
.350 L0660
. 400 .0700
L4150 L0715
.500 .072k
.550 .0720
.600 .0T710
.650 .0680
.700 .0650
.750 .0610
.800 .0560
.850 .0510
.900 L0450
.950 .0390

1.000 .0320
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TABIE IV.- CONFIGURATIONS INVESTIGATED

45° gweptback-surface
and unswept-surface Basic data Figure
configurations
(2)
F
F+V CL: Cms» Cx )
F+V + Hl CY,‘F; Cn,‘y’ Cz‘k 15
F+V + B,
W CLs Cms Cx b
W, +F Crs Cps Cg 6
Vo + F Cy,» Cpyy C 16
> » V1
W3 + F ¥ Iy ¥
W +F +V
2 i i C’Y > C 2 CZ 17
Wy +F +7V LA SO
Wa +F +V + H
1 L Crs Cmy» Cx 8
Wo +F +V + Hy Cy., C o 19
W3 +F +V +H v OO Ty
Wi +F +V + .
* I Cr» Cms C}( 9
Wo +F +V + By o c 50
CY\V) an I‘b’
W3 +F +V + H
®Notation (for details, see fig. 2):
Wy, Wp, W3 wing positions
F fuselage
\ vertical tail

Hy, Hp horizontel-tail positions

29
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(a) System of axes used. Arrows indicate positive direction of
angles, velocities, forces, and moments.

—

+ACC Q? A
-y —

o

Section A- A '

(b) Explanatory sketch for the.increase in rolling moment due to yaw
by the fuselage interference and for the induced sidewash.

Figure 1.- System of axes used and representation of flow at wing-~
fuselage juncture and at vertical tail.
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(a) Unswept surfaces. (b) L45° swept surfaces.

Figure 2.~ Dimensions of the complete model. All dimensions are
in inches.
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(a) Unswept high-wing configuration; low horizontal tail. L 6|l8;7| 08

(b) 45° sweptback high-wing configuration; high horizontal tail. I-68801

Figure 3.- Models mounted in the 6— by 6~foot test section of the Langley
stability tunnel.
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